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Abstract
Background: In recent years, evidence of Rift Valley fever (RVF) transmission during inter-epidemic periods in parts of Africa
has increasingly been reported. The inter-epidemic transmissions generally pass undetected where there is no surveillance
in the livestock or human populations. We studied the presence of and the determinants for inter-epidemic RVF
transmission in an area experiencing annual flooding in southern Tanzania.
Methodology: A cross-sectional sero-survey was conducted in randomly selected cattle, sheep and goats in the Kilombero
river valley from May to August 2011, approximately four years after the 2006/07 RVF outbreak in Tanzania. The exposure
status to RVF virus (RVFV) was determined using two commercial ELISA kits, detecting IgM and IgG antibodies in serum.
Information about determinants was obtained through structured interviews with herd owners.
Findings: An overall seroprevalence of 11.3% (n = 1680) was recorded; 5.5% in animals born after the 2006/07 RVF outbreak
and 22.7% in animals present during the outbreak. There was a linear increase in prevalence in the post-epidemic annual
cohorts. Nine inhibition-ELISA positive samples were also positive for RVFV IgM antibodies indicating a recent infection. The
spatial distribution of seroprevalence exhibited a few hotspots. The sex difference in seroprevalence in animals born after
the previous epidemic was not significant (6.1% vs. 4.6% for females and males respectively, p = 0.158) whereas it was
significant in animals present during the outbreak (26.0% vs. 7.8% for females and males respectively, p,0.001). Animals
living .15 km from the flood plain were more likely to have antibodies than those living ,5 km (OR 1.92; 95% CI 1.04–
3.56). Species, breed, herd composition, grazing practices and altitude were not associated with seropositivity.
Conclusion: These findings indicate post-epidemic transmission of RVFV in the study area. The linear increase in
seroprevalence in the post-epidemic annual cohorts implies a constant exposure and presence of active foci transmission
preceding the survey.
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Introduction
Rift Valley fever (RVF) is known to occur in outbreaks in cycles
of 5–15 years in the Eastern Africa region and the Horn of Africa,
following unusual high precipitations that lead to sustained
flooding [1,2]. In recent years, evidence of RVF transmission
during the inter-epidemic periods in some parts of the African
continent has increasingly been reported [3–5]. The inter-
epidemic transmissions generally pass undetected clinically, but
can be revealed where active serological surveillance is regularly
done in either livestock or human populations [4,6,7].
Rift Valley fever is a mosquito borne viral zoonosis that affects
both livestock and wild ruminants [4,5,8]. It is caused by Rift
Valley fever virus (RVFV) belonging to the genus Phlebovirus of the
family Bunyaviridae and in susceptible animals is manifested
clinically by high fever, and causes abortion in susceptible
pregnant animals irrespective of the gestation period and high
mortality in newborn animals [9]. In humans, RVF can be
asymptomatic, but can also cause mild illness (associated with
headache, fever, muscle and joint pains) or severe illness
(associated with hemorrhagic fever, encephalitis or ocular disease)
[10–12].The disease was first described in the early 1910s and the
aetiological agent was isolated in the 1930s in Kenya [13]. The
disease pattern in the Eastern Africa region and the horn of Africa
is driven by climatic conditions linked to the El Niño/Southern
Oscillation (ENSO) phenomenon, which leads to unusual high
rainfall and floods alternated by long dry spells [2]. In other parts
of Africa, RVF emerged in relation to the construction of
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hydroelectric power dams along Senegal river and thereafter
established itself as endemic disease [14,15]. In the Arabian
Peninsula RVF was introduced through trading of live animals
with countries in the horn of African [16,17].
RVF maintenance in nature between epidemics both in the
mammalian host and vector populations has not been fully
explained [18,19]. This is partly due to the factors driving its
maintenance at fine geographical scales that are yet to be
described in detail. Such factors interact in diverse ways in
different geographical regions of Africa or beyond and may play a
crucial role in vector population dynamics and the disease
transmission [20].
The disease in humans is primarily an occupational hazard
affecting people in close contact with infected animals through
blood and body fluids, e.g. livestock keepers, abattoir workers,
laboratory workers and veterinarians in the course of taking
care and treating sick animals, butchering, or disposing of
dead animals and aborted fetuses [21–25]. Consumption of
animal products such as unpasteurized milk and raw meat has
been identified as exposure risk factors in some observational
studies [26] but attempt to show infection through oral route
in experimental studies had mixed results [27,28]. People can
also acquire the disease through infectious mosquito bites
[24,29].
In the past two decades, RVF outbreaks have been reported
twice in Tanzania, with the most recent outbreak occurring in
2006/07. During this outbreak, the disease occurred in 10 of the
21 regions of Tanzania mainland, including Morogoro region
where the Kilombero river valley is located, with clinical cases in
people and livestock [30–32].Given the ecology and climatic
factors that support mosquito vectors in the valley we hypothesized
a continued transmission of RVFV during the inter-epidemic
periods. The goal of our study was therefore to investigate
potential inter-epidemic period transmission of RVF in an area
experiencing seasonal floods annually. Specifically, the study
aimed 1) to establish baseline information on the exposure status to
Rift valley fever in livestock as determined by presence of
antibodies against RVFV in livestock blood samples during the
inter-epidemic period and 2) to assess the relationship between




This study was conducted in the Kilombero river valley, which
spans Kilombero and Ulanga districts in Morogoro region. The
Kilombero valley is a seasonally inundated flood plain up to 52 km
wide, at high water, between the densely forested escarpment of
the Udzungwa mountains, which rise to 2576 m above sea level
(asl) on the north-western side and the grass covered Mahenge
mountains, which rise to 1516 m asl on the south-eastern side
(Figure 1). The valley receives an average annual rainfall of
1200 mm–1800 mm and temperatures range between 25uC and
32uC. The valley has a diverse ecology and demography with
villages consisting largely of numerous distinct groups of houses
located on the margins of the flood plain where rice cultivation is
the predominant economic activity. Other land use types include
hunting, fishing, forestry, pastoral livestock rearing and other crops
cultivation. There has been intense malaria transmission in the
valley with the main vectors being Anopheles gambiae complex and
Anopheles funestus [33]. Other mosquito species inhabiting the valley,
some of which are vectors of RVF virus, include Culex spp, Aedes
spp and Mansonia spp [34].
Design, sampling and data collection
The sero-survey was done from May to August 2011,
approximately four years after the end of the 2006/07 RVF
outbreak in Tanzania. Blood samples were collected from three
livestock populations, namely cattle, goats and sheep from 44
villages in both districts. These villages were selected based on
their inclusion in a demographic surveillance system [35,36] and
the proximity to the Kilombero river flood plains (figure 1). In
each village four households that kept at least one of the three
species, were randomly selected from the list of livestock keepers in
that particular village. For each participating household a
maximum of 18 samples were collected (i.e. maximum 10 cattle,
maximum 4 goats and maximum 4 sheep, the actual numbers
sampled depending on the number of a particular species present).
The sampling strategy was based on selecting animals of all age
groups in order to be able to characterize epidemic and inter-
epidemic transmission. The blood samples were collected in 6 ml
vacutainer tubes with clot activator, labeled and stored in a cooler
box with ice packs while in the field. After coagulation, serum was
eluted from the whole blood into a 1.8 ml cryovial tube, labeled
and stored in a car fridge until transfer to the laboratory for
laboratory analysis. Characteristics of individual animals together
with the herd history were obtained through a structured interview
with the herd owner.
Age determination
Individual animal age was estimated using history taking, review
of available records on date of birth and dentition. Records were
available only from households keeping exotic dairy cattle.
Dentition was used in determining age of cattle between 24 to
54 months only [37]. When the above two methods yielded no
useful results, age was estimated by probing the head of the
household, herd boys and other members of the household for the
animal’s month/season and year of birth and for female animals
also by taking into account number of births and average birth
rate for the particular species in the valley.
Serological assays
To determine the individual animals’ longstanding exposure
status to previous Rift Valley fever virus (RVFV), a commercial,
inhibition enzyme-linked immunosorbent assay (c-ELISA) for the
Author Summary
Rift Valley fever (RVF) is an arthropod-borne viral disease
that affects people, livestock and wild animals. It occurs
mostly in Africa, and epidemics have been reported in the
Arabian Peninsula. RVF is transmitted to humans and
animals by mosquitoes, but people can also get the
infection through direct contact with blood or tissues of
infected animals. The disease occurs in epidemic form in a
cycle of 5–15 years, but some reports also indicate
occurrences of the disease during non-epidemic periods.
We report here inter-epidemic period transmission of RVF
in livestock population, evidenced by demonstration of
RVFV antibodies in animals that were born after the 2006/
07 RVF outbreak in Tanzania and demonstration of
immunoglobulin M (IgM), a short lived class of antibodies,
following infection by RVF virus in 9 samples. We have also
identified hotspots of transmission in the study area, with
exposure being higher away from the main flood plain.
There was a linear increase in percent seropositivity from 1
year olds to age 5 years, implying a possible annual
challenge.
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detection of antibodies against RVFV in humans, domestic and
wildlife ruminants was used (Biological Diagnostic Supplies
Limited, Dreghorn, United Kingdom) [38]. Recent infection was
determined using a commercial IgM ELISA kit (Biological
Diagnostic Supplies Limited, Dreghorn, United Kingdom)
[39].The IgM ELISA test was employed for c-ELISA positive
samples only since the c-ELISA detects both IgG and IgM
antibodies against RVFV [38].
Data analyses
The data was analysed in STATA version 12 [Stata Corp.,
College Station, Texas, USA]. To examine the determinants for
RVF seropositivity, first a univariable analysis of individual factors
was performed by fitting a logistic regression model with wards
and villages as random effects to account for clustering. Variables
with p-value ,0.25 were selected as potential covariables in the
multivariable analysis, where a p-value #0.05 was considered
statistically significant. Forward model-building was done with
subsequent models evaluated against sparser models by means of
the Akaike information criterion (AIC). Two-way interactions
between variables included in the model were also tested. Lastly,
all factors that were dropped in the process of model building were
later tested for any confounding effect. Factors were considered a
confounder if they led to a change of $25% in the coefficient
estimates of other determinants.
The spatial analysis of the seropositivity was performed using
ArcGIS software version 10 (ESRI, Redlands, USA) using hot spot
analysis and inverse distance weighted (IDW) tools. The Getis-Ord
Gi* statistic for each feature (household) was computed with the
resultant Z-score values indicating where households with either
high (hot spot), median (random) or low (cold spot) values cluster
spatially. The IDW is a deterministic interpolation model that
assigns values to locations where no measurements have been
taken to produce a surface pattern, based on how far those
locations are to the sentinel locations where measurements have
been taken.
Ethics statement
The blood collection procedure from livestock was performed
by a qualified veterinarian following proper physical restraint of
animals that ensured both personnel and animal safety. Livestock
owners were explained the study purpose and procedures and
upon agreeing to participate they provided a written consent prior
to study procedures and blood collection from their animals.
Ethical approval for this study protocol was obtained from the
Institutional Review Board of the Ifakara Health Institute and
Medical Research Coordination Committee of the Tanzania’s
National Institute for Medical Research (permit number NIMR/
HQ/R.8a/Vol. IX/1101).
Results
A total of 1680 livestock serum samples were tested by RVF c-
ELISA, of which 1234 samples were from Kilombero district and
446 samples were from Ulanga district. Out of the samples tested
970, 455 and 255 were from cattle, goats and sheep respectively.
Several potential animal-level risk factors were investigated; table 1
shows the univariable logistic regression model output of the risk
factors. The proportion of seropositive animals by c-ELISA was
11.3%. A seroprevalence of 5.5% was recorded among animals
that were born after the 2006/07 RVF outbreak (less than 4 years
of age), compared to 22.7% in those that were born before and
thus present during the outbreak. There was a linear increase in
Figure 1. Study area depicting spatial distribution pattern of RVF seroconversion in livestock. The graduated colors indicate output of
IDW based on actual number of seropositive animals to RVFV antibodies in all species. The round dots represent location of households from which
livestock were sampled and clustering pattern given by Z-scores (red, blue and white colorations indicating hotspot, cold spot and random pattern
respectively). The black stars indicate households where IgM positive animals were sampled. The insert is Map of Tanzania showing districts of
Kilombero and Ulanga, and location of study site within.
doi:10.1371/journal.pntd.0002356.g001
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Figure 2. Seropositivity to Rift Valley fever virus in cattle, sheep and goats pooled by age. The error bars indicate 95% confidence
intervals of the percentage.
doi:10.1371/journal.pntd.0002356.g002
Table 1. Potential animal level risk factors associated with RVF sero-positivity for cattle, goats and sheep in the Kilombero Valley,
Tanzania based on a univariable random effect logistic regression model.
Variable Level %Positive (n) OR 95% CI
Species Cattle 11.03 (970) 1
Goat 11.86 (455) 1.06 0.74–1.52
Sheep 11.37 (255) 1.07 0.68–1.69
Sex Female 14.16 (1144) 1
Male 5.22 (536) 0.30 0.19–0.46
Breed Exotic 9.54 (220) 1
Local 11.61 (1420) 1.23 0.70–2.15
Mixed 10.00 (40) 0.95 0.28–3.14
District Kilombero 10.69 (1234) 1
Ulanga 13.00 (446) 1.17 0.68–2.03
Present during RVF outbreak No 5.55 (1116) 1
Yes 22.69 (564) 5.29 3.79–7.38
Herd composition One species 10.27 (360) 1
Two species 10.30 (359) 1.08 0.64–1.83
Three species 12.07 (961) 1.24 0.80–1.92
Distance to the edge of floods (km) ,5 km 10.74 (1117) 1
5–10 km 14.01 (157) 1.27 0.72–2.21
10–15 km 7.94 (214) 0.75 0.41–1.37
.15 km 16.14 (192) 1.62 0.91–2.86
Feeding practices Mixed 4.76 (21) 1
Grazing 11.30 (1592) 2.29 0.29–18.18
Cut & carry 13.43 (67) 2.80 0.31–25.06
Altitude (m) Continuous n/a 1.007 0.99–1.01
OR = Odds ratio; CI = Confidence interval.
doi:10.1371/journal.pntd.0002356.t001
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proportion sero-conversion up to age 5, Figure 2. The samples
included less than one year olds in which the youngest positive
individual was 7 months old at which age the maternally acquired
immunity has waned out. There was no significant difference in
seropositivity between the different species. The sex difference in
seroprevalence in animals born after the previous epidemic was
not significant (6.1% vs. 4.6% for females and males respectively,
p = 0.158) whereas there was a significant sex difference in
seroprevalence in animals that were present during the outbreak
(26.0% vs. 7.8% for females and males respectively, p,0.001) and
overall (table S1).
Nine out of c-ELISA positive samples were positive for RVFV
IgM antibodies indicating a recent infection. The IgM positive
samples originated from 7 villages out of the 44 sampled. The
spatial distribution of sero-conversion in the study area exhibited
no particular pattern but rather a few hotspots (Figure 1). Each
district had an almost equal share of the disease, and this was true
for the wards. Very few villages had zero seroprevalence. There
was a significant relationship between proportion seropositivity
and being .15 km from the flood plains as compared to ,5 km
(Table 2).
Discussion
The findings from this serosurvey indicate post-epidemic and
recent transmission of RVFV in livestock populations in the
Kilombero valley. The demonstration of RVFV antibodies in
animals as young as one year old, and the observed linear increase
in the proportion of sero-converted animals from the age of 1 year
to 5 years implies a constant exposure to infectious mosquito bites.
The IgM antibodies detected in some animals illustrate presence of
active foci of recent transmission preceding the serosurvey as the
median duration of IgM antibodies to RVFV is two months [39–
41]. These observations add to the increasing body of serological
[3,4,42,43] and virological [44,45] evidence pertaining to RVFV
transmission during the inter-epidemic periods in parts of Africa.
Inter-epidemic transmission can be detected where active disease
surveillance is in place in the livestock and/or human populations,
as most of the inter-epidemic infections either are subclinical or
mistaken for other diseases in the absence of public awareness of
RVF presence [6,46,47].
The high prevalence observed in animals that were present
during the outbreak is not surprising as during epidemics there is
high exposure to RVFV with resulting high herd immunity
[48,49]. Such increased prevalence with age was also reported in
sero-surveys in Madagascar, Nigeria and Senegal [47,48,50]. One
of the few other studies reporting sex differences in RVF
prevalence in livestock, a study in a slaughter house in Chad also
found higher prevalence in female animals [51]. In contrast to our
observation, a serosurvey in Madagascar reported higher preva-
lence in male animals [50]. Our observation might be as a result of
female animals staying longer in a herd due to their role in
reproduction and consequently most of sampled female animals
were relatively older than their male counterparts. The different
timing of our survey and the Madagascar survey, i.e. 4 years versus
3 months post-outbreak, might explain the different result on risk
associated with sex in livestock populations.
Despite the sero-conversions observed in animals born after the
2006/07 outbreak, there have been no reports of epidemic or
clinical disease in the area during the study period. This might be
as a result of high herd immunity following the RVF outbreak as
demonstrated by high prevalence in animals that were present
during the previous epidemic in the study area. In such scenario
high proportion of offspring born to immune dams would acquire
maternal antibodies thus protected during vulnerable young age
whereas old animals of local breeds are naturally less susceptible to
clinical disease [52,53]. Another explanation could be a circulation
of non-virulent strain of RVFV [54] during inter-epidemic period
in the area as it has been hypothesized in other reports of sero-
conversion with no previous epidemic or clinical disease reports
[46]. The sporadic cases of RVF could easily be confused with
other livestock diseases which present similar clinical features of
fever, including sporadic abortions and thus overlooked and under
reported [53].
The contact between infected vectors and naı̈ve mammalian
hosts is the main determinant of arboviral disease transmission
[55]. Mosquito vector population dynamics are driven by
environment and ecology, which provide essential life resources.
The trend observed in this study of increased seroprevalence away
from the main flood plain and in high altitude is contrary to
findings in other studies [6,46]. This could be an indication of
other factors playing a role including localized floods unrelated to
the main flood area, but also proximity to dense vegetation
(forested environments) that could harbor a variety of mosquito
vectors [6], as the main forested areas are further away from the
flood plain. Another explanation could be movement of previously
exposed animals from one locality to another within the area
through animal trade among livestock keepers, dowry or
establishment of new households. In such circumstances, naı̈ve
animals can be transferred to an infected area or infected animals
can be introducing the disease into a naı̈ve location. In this way
vector populations which are abundant and of diverse species
within the valley [34] are exposed and maintenance mechanisms
established where conditions are favorable. The observed separate
hotspots further point to fine scale factors playing major role in
transmission dynamics. On the other hand the only cold spot is
located around Ifakara town, a semi urban environment in which
livestock keeping is characterized by small herds, sedentary and
mixed feeding practices as compared to relatively large herds with
extensive system in the villages. The urban environment might be
unfavorable to the main vector species but also due to limited daily
livestock movements there is little interaction between neighbour-
ing herds thus possibility of infection to limit itself to isolated herds
in the event of disease outbreak.
Given the possible active transmission observed in this study
within Kilombero valley and the moving out of livestock from the
valley as a result of environmental degradation of wetland due to
overstocking and overgrazing, there are chances for incubating or
sick animals to introduce the disease into new areas. This might be
Table 2. Animal level risk factors associated with RVF sero-
positivity for cattle, goats and sheep in the Kilombero valley in
multivariable analysis.
Variable Levels OR 95% CI
Sex Female 1
Male 0.41 0.26–0.63
Present during RVF outbreak No 1
Yes 4.67 3.33–6.55
Distance to the edges of floods (km) ,5 km 1
5–10 km 1.28 0.72–2.29
10–15 km 0.89 0.48–1.65
.15 km 1.92 1.04–3.56
OR = Odds ratio; CI = Confidence interval.
doi:10.1371/journal.pntd.0002356.t002
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enhanced by the quick means of transportation employed and
possibilities for animals to harbour the RVFV for up to three
weeks [52,56]. In view of that, follow up of these moved herds and
their new environment through serological and vector population
monitoring will help to inform various stakeholders of the
currently unidentified consequences, as livestock movement have
been implicated to spread RVF in previously free areas [16,57].
The interaction of livestock keepers with their animals is intense
and includes milking, taking care of sick animals, grazing, using as
draft animals, slaughtering and butchering and even children
playing with animals. Future work should establish to what degree
this inter-epidemic zoonotic circulation of RVFV leads to human
infection as well. If considerable transmission to humans exists,
health care providers within the Kilombero valley should consider
RVF in their differential diagnosis in all fever cases presented in
their facilities as RVF in humans may present with similar clinical
signs to malaria, which is thought to be the main cause of fever in
the valley [58]. We think this should be of priority in particular
when dealing with patients from agro-pastoralist communities,
especially when the malaria test is negative.
Conclusion
The findings from this study indicate post-epidemic and recent
transmission of RVFV in livestock populations in the Kilombero
river valley. The linear increase in prevalence of RVFV antibodies
in the post-epidemic annual cohorts implies a constant exposure
and presence of active foci of recent transmission preceding the
survey.
Supporting Information
Table S1 Comparison of RVF prevalence across species, sex
and presence during the 2006/07 RVF epidemic.
(DOC)
Acknowledgments
We would like to extend our sincere gratitude to district authorities of
Kilombero and Ulanga, agriculture/livestock extension officers and village
leaders for their support in the course of conducting this study. We are also
indebted to livestock keepers from respective villages who willingly agreed
to participate in this study and also by providing assistance in many ways
thus making the smooth running of activities. We also thank the
anonymous reviewers for their important critiques on this manuscript.
Author Contributions
Conceived and designed the experiments: RDS EG DB. Performed the
experiments: RDS EM. Analyzed the data: RDS EG DB. Wrote the paper:
RDS EG DB.
References
1. Davies FG, Linthicum KJ, James AD (1985) Rainfall and epizootic Rift Valley
fever. Bull World Health Organ 63: 941–943.
2. Anyamba A, Chretien J-P, Small J, Tucker CJ, Formenty PB, et al. (2009)
Prediction of a Rift Valley fever outbreak. Proc Natl Acad Sci USA 106: 955–
959.
3. LaBeaud AD, Muchiri EM, Ndzovu M, Mwanje MT, Muiruri S, et al. (2008)
Interepidemic Rift Valley fever virus seropositivity, Northeastern Kenya. Emerg
Infect Dis 14: 1240.
4. LaBeaud AD, Cross PC, Getz WM, Glinka A, King CH (2011) Rift Valley fever
virus infection in African buffalo (Syncerus caffer) herds in rural South Africa:
evidence of interepidemic transmission. Am J Trop Med Hyg 84: 641–646.
5. Evans A, Gakuya F, Paweska JT, Rostal M, Akoolo L, et al. (2008) Prevalence of
antibodies against Rift Valley fever virus in Kenyan wildlife. Epidemiol Infect
136: 1261–1269.
6. Heinrich N, Saathoff E, Weller N, Clowes P, Kroidl I, et al. (2012) High
Seroprevalence of Rift Valley Fever and Evidence for Endemic Circulation in
Mbeya Region, Tanzania, in a Cross-Sectional Study. PLoS Negl Trop Dis 6:
e1557.
7. Labeaud AD, Ochiai Y, Peters CJ, Muchiri EM, King CH (2007) Spectrum of
rift valley fever virus transmission in Kenya: Insights from three distinct regions.
Am J Trop Med Hyg 76: 795–800.
8. Anderson EC, Rowe LW (1998) The prevalence of antibody to the viruses of
bovine virus diarrhoea, bovine herpes virus 1, rift valley fever, ephemeral fever
and bluetongue and to Leptospira sp in free-ranging wildlife in Zimbabwe.
Epidemiol Infect 121: 441–449.
9. Swanepoel R, Coetzer JAW (2004) Rift Valley Fever. In: Coetzer JAW, Tustin
RC, editors. Infectious Diseases of Livestock in Southern Africa: Oxford
University Press. pp. 1037–1059.
10. McIntosh B, Russell D, Dos Santos I, Gear J (1980) Rift Valley fever in humans
in South Africa. S Afr Med J 58: 803–806.
11. Al-Hazmi M, Ayoola EA, Abdurahman M, Banzal S, Ashraf J, et al. (2003)
Epidemic Rift Valley fever in Saudi Arabia: a clinical study of severe illness in
humans. Clin Infect Dis 36: 245–252.
12. Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-Rabeah AM, et al.
(2003) Rift Valley fever epidemic in Saudi Arabia: epidemiological, clinical, and
laboratory characteristics. Clin Infect Dis 37: 1084–1092.
13. Daubney R, Hudson JR (1931) Enzootic hepatitis or Rift Valley fever: an
undescribed virus disease of sheep, cattle and man from East Africa. Journal of
Pathology 34: 545–579.
14. Chevalier V, Thiongane Y, Lancelot R (2009) Endemic transmission of Rift
Valley fever in Senegal. Transbound Emerg Dis 56: 372–374.
15. Zeller HG, Fontenille D, Traore-Lamizana M, Thiongane Y, Digoutte J-P
(1997) Enzootic Activity of Rift Valley Fever Virus in Senegal. Am J Trop Med
Hyg 56: 265–272.
16. Balkhy HH, Memish ZA (2003) Rift Valley fever: an uninvited zoonosis in the
Arabian peninsula. Int J Antimicrob Agents 21: 153–157.
17. Soumare B, Tempia S, Cagnolati V, Mohamoud A, Van Huylenbroeck G, et al.
(2007) Screening for Rift Valley fever infection in northern Somalia: A GIS
based survey method to overcome the lack of sampling frame. Vet Microbiol
121: 249–256.
18. Hay SI, Myers MF, Burke DS, Vaughn DW, Endy T, et al. (2000) Etiology of
interepidemic periods of mosquito-borne disease. Proc Natl Acad Sci USA 97:
9335–9339.
19. Gora D, Yaya T, Jocelyn T, Didier F, Maoulouth D, et al. (2000) The potential
role of rodents in the enzootic cycle of Rift Valley fever virus in Senegal.
Microbes Infect 2: 343–346.
20. WHO (2009) Rift Valley fever outbreaks forecasting models. Rome, Italy.
WHO/HSE/GAR/BDP/2009.2 WHO/HSE/GAR/BDP/2009.2. 25 p.
21. Archer BN, Weyer J, Paweska J, Nkosi D, Leman P, et al. (2011) Outbreak of
Rift Valley fever affecting veterinarians and farmers in South Africa, 2008. S Afr
Med J 101: 263–266.
22. Kitchen SF (1934) Laboratory infections with the virus of Rift Valley fever.
Am J Trop Med Hyg 1: 547–564.
23. Smithburn KC, Mahaffy AF, Haddow AJ, Kitchen SF, Smith JF (1949) Rift
Valley Fever: Accidental Infections Among Laboratory Workers. The Journal of
Immunology 62: 213–227.
24. Morita C (1988) Prevalence of Rift Valley fever in Lusaka and Mazabuka -
Zambia. J Vet Med B Infect Dis Vet Public Health 35: 157–160.
25. Wilson ML, Chapman LE, Hall DB, Dykstra EA, Ba K, et al. (1994) Rift Valley
Fever in Rural Northern Senegal: Human Risk Factors and Potential Vectors.
Am J Trop Med Hyg 50: 663–675.
26. Woods CW, Karpati AM, Grein T, McCarthy N, Gaturuku P, et al. (2002) An
outbreak of Rift Valley fever in northeastern Kenya, 1997–98. Emerg Infect Dis
8: 138.
27. Morrill JC, Peters C (2011) Mucosal immunization of rhesus macaques with Rift
Valley fever MP-12 vaccine. J Infect Dis 204: 617–625.
28. Pepin M, Bouloy M, Bird BH, Kemp A, Paweska J (2010) Rift Valley fever virus
(Bunyaviridae: Phlebovirus): an update on pathogenesis, molecular epidemiol-
ogy, vectors, diagnostics and prevention. Veterinary research 41: 61.
29. Abu-Elyazeed R, El-Sharkawy S, Olson J, Botros B, Soliman A, et al. (1996)
Prevalence of anti-Rift-Valley-fever IgM antibody in abattoir workers in the Nile
delta during the 1993 outbreak in Egypt. Bull World Health Organ 74: 155.
30. Mohamed M, Mosha F, Mghamba J, Zaki SR, Shieh WJ, et al. (2010)
Epidemiologic and clinical aspects of a Rift Valley fever outbreak in humans in
Tanzania, 2007. Am J Trop Med Hyg 83: 22–27.
31. WHO (2007) Rift Valley Fever in Kenya, Somalia and the United Republic of
Tanzania: Distribution Map.
32. WHO (2007) Outbreaks of Rift Valley fever in Kenya, Somalia and United
Republic of Tanzania, December 2006–April 2007. Wkly Epidemiol Rec 82:
169–178.
33. Killeen GF, Tami A, Kihonda J, Okumu FO, Kotas ME, et al. (2007) Cost-
sharing strategies combining targeted public subsidies with private-sector
delivery achieve high bednet coverage and reduced malaria transmission in
Kilombero Valley, southern Tanzania. BMC Infect Dis 7: 121.
34. Ogoma SB, Lweitoijera DW, Ngonyani H, Furer B, Russell TL, et al. (2010)
Screening mosquito house entry points as a potential method for integrated
Inter-epidemic Transmission of RVF in Livestock
PLOS Neglected Tropical Diseases | www.plosntds.org 6 August 2013 | Volume 7 | Issue 8 | e2356
control of endophagic filariasis, arbovirus and malaria vectors. PLoS Negl Trop
Dis 4: e773.
35. Armstrong-Schellenberg J, Mukasa O, Abdulla S, Marchant T, Lengeler C, et
al. (2002) Chapter 11. Ifakara DSS, Tanzania. Population and Health in
Developing Countries: Volume 1 Population, Health, and Survival in
INDEPTH Sites. Ottawa: International Development Research Centre. pp.
159–164.
36. Narh-Bana SA, Chirwa TF, Mwanyangala MA, Nathan R (2012) Adult deaths
and the future: a cause-specific analysis of adult deaths from a longitudinal study
in rural Tanzania 2003–2007. Trop Med Int Health 17: 1396–1404.
37. ILCA (1990) Livestock systems research manual. Addis Ababa, Ethiopia: ILCA
(International Livestock Centre for Africa). 287pp p.
38. Paweska JT, Mortimer E, Leman PA, Swanepoel R (2005) An inhibition enzyme-
linked immunosorbent assay for the detection of antibody to Rift Valley fever virus
in humans, domestic and wild ruminants. J Virol Methods 127: 10–18.
39. Paweska JT, Burt FJ, Anthony F, Smith SJ, Grobbelaar AA, et al. (2003) IgG-
sandwich and IgM-capture enzyme-linked immunosorbent assay for the
detection of antibody to Rift Valley fever virus in domestic ruminants. J Virol
Methods 113: 103–112.
40. Geering WA, Davies FG, Martin V (2002) Preparation of Rift Valley fever
contingency plans. FAO Animal Health Manual No. 15. 7–18 p.
41. Morvan J, Rollin PE, Laventure S, Roux J (1992) Duration of immunoglobulin
M antibodies against Rift Valley fever virus in cattle after natural infection.
Trans R Soc Trop Med Hyg 86: 675–675.
42. Chevalier V, Rakotondrafara T, Jourdan M, Heraud JM, Andriamanivo HR, et
al. (2011) An Unexpected Recurrent Transmission of Rift Valley Fever Virus in
Cattle in a Temperate and Mountainous Area of Madagascar. PLoS Negl Trop
Dis 5: e1423.
43. Hussein NA, Snacken M, Moorhouse PDS, Moussa MI (1985) A serological
study of Rift Valley fever in Zambia. Rev Sci Tech 4:325–330.
44. Swanepoel R (1981) Observations on Rift Valley fever in Zimbabwe. Contrib
Epidemiol Biostat 3: 83–91.
45. Linthicum KJ, Davies FG, Kairo A, Bailey CL (1985) Rift Valley fever virus
(family Bunyaviridae, genus Phlebovirus). Isolations from Diptera collected
during an inter-epizootic period in Kenya. J Hyg (Lond) 95: 197–209.
46. Pourrut X, Nkoghe D, Souris M, Paupy C, Paweska J, et al. (2010) Rift Valley
fever virus seroprevalence in human rural populations of Gabon. PLoS Negl
Trop Dis 4: e763.
47. Olaleye OD, Tomori O, Schmitz H (1996) Rift Valley fever in Nigeria:
infections in domestic animals. Rev Sci Tech 15: 937.
48. Thiongane Y, Gonzales JP, Fati A, Akakpo JA (1991) Changes in Rift Valley
fever neutralizing antibody prevalence among small domestic ruminants
following the 1987 outbreak in the Senegal River basin. Res Virol 142: 67–
70.
49. Munyua P, Murithi RM, Wainwright S, Githinji J, Hightower A, et al. (2010)
Rift Valley Fever outbreak in livestock in Kenya, 2006–2007. Am J Trop Med
Hyg 83: 58–64.
50. Jeanmaire EM, Rabenarivahiny R, Biarmann M, Rabibisoa L, Ravaomanana F,
et al. (2011) Prevalence of Rift Valley fever infection in ruminants in Madagascar
after the 2008 outbreak. Vector Borne Zoonotic Dis 11: 395–402.
51. Ringot D, Durand JP, Tolou H, Boutin JP, Davoust B (2004) Rift Valley fever in
Chad. Emerg Infect Dis 10: 945–947.
52. Swanepoel R, Paweska JT (2011) Rift valley fever. Oxford Textbook of
Zoonoses: Biology, Clinical Practice, and Public Health Control. pp. 423.
53. Davies FG, Martin V (2006) Recognizing Rift Valley fever. Vet Ital 42: 31–53.
54. Muller R, Saluzzo J-F, Lopez N, Dreier T, Turell M, et al. (1995)
Characterization of clone 13, a naturally attenuated avirulent isolate of Rift
Valley fever virus, which is altered in the small segment. Am J Trop Med Hyg
53: 405.
55. Weaver SC, Barrett ADT (2004) Transmission cycles, host range, evolution and
emergence of arboviral disease. Nat Rev Microbiol 2: 789–801.
56. Nfon CK, Marszal P, Zhang S, Weingartl HM (2012) Innate immune response
to Rift Valley fever virus in goats. PLoS Negl Trop Dis 6: e1623.
57. Hoogstraal H, Meegan JM, Khalil GM, Adham FK (1979) The Rift Valley fever
epizootic in Egypt 1977–1978 2. Ecological and entomological studies.
Trans R Soc Trop Med Hyg 73: 624–629.
58. Hetzel M, Alba S, Fankhauser M, Mayumana I, Lengeler C, et al. (2008)
Malaria risk and access to prevention and treatment in the paddies of the
Kilombero Valley, Tanzania. Malar J 7: 7.
Inter-epidemic Transmission of RVF in Livestock
PLOS Neglected Tropical Diseases | www.plosntds.org 7 August 2013 | Volume 7 | Issue 8 | e2356
